Abstract
Introduction

36
Previous work by various authors has identified relationships between humidity in the 37 lower free troposphere and the onset of deep convection in the tropics, and entrainment 38 processes have been hypothesized to be instrumental in explaining these relationships.
39
Analysis of TOGA COARE data and subsequent modeling studies revealed that 
167
For dmpdz≠1 or ≠1, the initial state is slightly out of equilibrium due to the branch-run not be fully equilibrated. Therefore, we can interpret that the differences obtained in the simulated convective transition statistics and climatology are due to varying entrainment or reevaporation, and not to initial transients. In addition to convective precipitation 174 given by ZM, the CAM also includes a calculation for large-scale precipitation, which 175 can be produced when the environment is saturated due to e.g., detrainment or 176 moisture convergence.
177
The CESM simulations we analyze cover the period of 1976-2005 (1976- ̂ decreases monotonically, with the sharpest transition for dmpdz less than 0.5.
279
Averaged CWV also increases drastically as dmpdz increases over both ocean and explaining the detailed dependence of ̂ may requires further radiation budget analysis.
306
Over fast timescale, atmospheric moisture can be removed efficiently through 307 convection-induced precipitation, provided large-scale moisture divergence is negligible.
308
When entrainment effects are included in the parameterization, convection can fire only 309 when the environmental humidity is high enough. Thus, entrainment effects result in a moister and relatively cool atmosphere than when these effects are neglected. In are subject to different temporal resolutions, it does not affect our discussion.
326
Comments on biases in Reanalysis-2 CWV fields are included in the Supplemental
327
Material.
328
Overall, Fig. 3 Western Pacific (Fig. 4) , and the GOAmazon mobile facility in the central Amazon near increases only modestly over a broad range of CWV values (Fig. 4, leftmost column) .
377
Over land at the GOAmazon site (Fig. 5, leftmost column) , the precipitation actually 378 decreases at high CWV. The probability of precipitation exhibits very different behavior than for the standard case and the observations, and the PDF for precipitating events 380 spreads across a large range of CWV.
381
As entrainment increases, precipitation rate and conditional probability both evolve Overall, the insensitivity to reevaporation shown in Fig. 6 suggests that reevaporation 430 cannot be the primary cause for the precipitation pickup. 
465
The high CWV associated with convection in these time series, and in the convective quantitatively affect the climatology (Fig. A2 ).
486
As far as the precipitation-CWV relationship and its dependence on entrainment and 487 reevaporation is concerned, the convective transition statistics at tropical maritime and output in most models.
506
The results here are obtained with a single coupled GCM (CESM) that uses a 507 particular convective parameterization. In this regard, our findings are model dependent.
508
Nevertheless, our focus has been a specific process that is represented in a 
A1. Lead-lag relationship between CWV and precipitation
542 Figure A1 shows the composites centered at locally high total precipitation calculated 543 using the radiometer and rain gauge data (hourly mean) collected from the ARM site for 
563
These discrepancies may due partly to the model resolution.
564
It is also worth noting that calculations of the simulated precipitation diurnal cycle 565 using the 30-year-long history at the geographical location of the GOAmazon site exhibit 566 numerical wiggles at 1-hour period (2 half-hour steps). These wiggles are not large 567 enough to affect conclusions here but serve as a reminder that examining models for show the average total (color) and convective (gray) precipitation rate conditioned on CWV. The middle panels show the corresponding conditional probability of total (blue; P > 0.1 mm hr -1 ) and convective (gray; Pc > 0.1 mm hr -1 ) precipitation. The PDF of CWV for all (dark gray) and precipitating (blue; P > 0.1 mm hr -1 ) events are shown in the lower panels. In the upper panels, the colors indicate the corresponding CWV value, and the standard errors associated with total precipitation rate are smaller than that represented by the marker size. Underpopulated bins (PDF < 10 -4 ) are trimmed, and do not affect the discussion here. The CESM-simulated convective transition statistics in the Tropical Western Pacific (upper panels) and at the GOAmazon site (lower panels) for various reevaporation (ke) cases. The plotted variables are the total precipitation rate conditioned on CWV, conditional probability of precipitation (P > 0.1 mm hr -1 ), and PDFs of CWV for all and precipitating (P > 0.1 mm hr -1 ) events. The standard errors associated with total precipitation rate are plotted if greater than that represented by the marker size. Underpopulated bins (PDF < 10 -4 ) are trimmed.
Figure 7:
Same as in Fig. 1 , but for the no-entrainment case (dmpdz=0). Note that the scales of the ordinates for plots at the GOAmazon site are different from those at Manus Island or those shown in Fig. 1 . At both sites, one can hardly differentiate total and convective precipitation, due to the lack of large-scale precipitation, and the composites centered at locally high convective and total precipitation are quantitatively similar in this case. 
